Objective: Hip fractures are a common source of acute pain amongst the frail elderly. One potential technique to adequately manage pain in this population is the femoral nerve block. The objective of this systematic review was to provide updated evidence for the use of femoral nerve blocks as a pain management technique for older hip fracture patients in the emergency department (ED). Data Sources: Searches of Medline, EMBASE, and the Cochrane Central Register of Controlled Trials were conducted between December 2010 and May 2014. The reference list of a previous systematic review was also searched. Study Selection: We included randomized control trials examining the use of femoral nerve blocks in the ED among older adults (65 years of age or older) with acute hip fracture. Data Extraction: Among 93 citations reviewed, seven trials were included. Four studies employed a single femoral nerve block, while three studies employed continuous (catheterplaced) femoral blocks. All but one of the studies were found to have a high risk of bias. Data Synthesis: All studies reported reductions in pain intensity with femoral nerve blocks. All but one study reported decreased rescue analgesia requirements. There were no adverse effects found to be associated with the femoral block procedure; rather, two studies found a decreased risk of adverse events such as respiratory and cardiac complications. Conclusions: Femoral nerve blocks appear to have benefits both in terms of decreasing the pain experienced by older patients, as well as limiting the amount of systemic opioids administered to this population.
INTRODUCTION
Hip fractures are a common presentation to the emergency department (ED) . Every year approximately 35,000 hip fractures occur in Canada, 1 typically in older adults with poor baseline functional status and a high degree of cognitive impairment. 2 As such, hip fractures are substantial contributors to pain and related morbidity within the older patient population. Morbidities include delirium, which occurs postoperatively in 15% to 53% of surgical patients over the age of 65. 3 In terms of pain, hip fracture has been associated with substantial pain in both the pre-and postoperative periods. 4 Adequate pain management interventions are essential to ensure that patients are not only comfortable during their hospital stay, but able to recover and return to their previous functional and cognitive health status following treatment.
Standard care to manage hip fracture pain involves the administration of systemic analgesia, typically intravenous, intramuscular, or oral opioids. Sedation and delirium are common side effects of systemic opioids when given to an older population. 5 The prevalence of delirium amongst hip fracture patients has been shown to range from 13% to 61% 6 Furthermore, the occurrence of delirium has been shown to increase the incidence of adverse outcomes post fracture, including functional decline, permanent cognitive impairment, and death. [7] [8] [9] [10] [11] These data highlight the acute need for alternative methods of pain management in elderly patients suffering from hip fracture.
Femoral nerve block is a procedure that has the potential to address this issue. The femoral nerve block procedure involves the injection of a local anaesthetic into the femoral nerve sheath, which then travels cranially and laterally to reach the femoral and obturator nerves, the lower chords of the lumbar plexus, and the lateral cutaneous nerve of the thigh. 12 More recently, physicians have begun administering femoral nerve blocks using an ultrasound-guided technique. Ultrasound guidance allows for visualized regional anaesthesia and eliminates many of the risks associated with the traditional "blind" or nerve stimulator-guided procedure. A comparative effectiveness systematic review of the literature from 1990-2010 on pain management interventions for hip fractures demonstrated the potential feasibility and effective pain control offered by femoral nerve blocks in ED settings. 13 Early studies have shown that femoral nerve blocks for hip fracture can reduce the quantity of traditional analgesia required, thereby potentially decreasing the rates of delirium. Despite potential evidence of benefit, femoral nerve blocks are not currently used in standard practice to manage hip fracture pain within many Canadian EDs, highlighting a potential knowledge-practice gap.
The objective of this systematic literature review was to examine the increasing body of research around femoral nerve blocks used to address acute hip fracture pain in the ED. Specifically, our aim was to determine whether evidence from more recent randomized controlled trials (RCTs) supports the routine implementation of femoral nerve blocks within the ED.
METHODS

PICO (Population; Intervention; Comparison; Outcomes) question
Does the use of femoral nerves blocks in the ED (preoperative) reduce acute pain, use of additional pain medications, and rates of delirium, and improve the functional status postoperatively of older adults (older than 65 years of age) with acute hip fracture as compared to placebo or standard care? (See Appendix 1)
Literature search strategy
Searches of Medline, EMBASE, and the Cochrane Central Register of Controlled Trials were conducted, with the assistance of an information specialist at the University of Calgary, to identify articles published between December 2010 and May 2014 inclusive. This time period was chosen to serve as an update to the previous systematic review performed on the topic, which included the period January 1990 to December 2010. 13 The search strategies included the following keywords in combination with relevant subject headings: hip fracture, femoral neck fracture, intertrochanteric fracture, pain, therapy, anaesthesia, analgesia, frail elderly, older patients, delirium, acute confusion, cognitive impairment, confusion, femoral block, and peripheral nerve block. Further details of the search are available from the authors upon request.
A search of the reference list of the 2010 systematic review was also conducted. The search strategy of the previous 2010 review was undertaken by a technical panel of experts from multiple fields and followed a protocol dictated in the Agency for Healthcare Research and Quality Methods Guide for Effectiveness and Comparative Effectiveness Reviews. Independent reviewers performed a search of electronic databases and incorporated search strategies from reviews on similar topics. The methods employed by this previous review were deemed to be of high enough quality to not merit confirmation review.
Study selection
Included in this update were RCTs instituting the use of femoral nerve blocks in ED settings to treat acute hip fracture pain in patients 65 years of age or older that reported clinically measured outcomes, such as pain and analgesic consumption. The over 65 patient population was selected, as this group is at higher risk for both acute hip fractures and for adverse outcomes associated with opioid treatment. All techniques and methods of femoral nerve block administration, including those that were guided by ultrasound or peripheral nerve stimulator, were considered for inclusion in this review. Other types of regional anaesthesia that may be relevant to hip fracture pain management, such as the fascia iliaca compartment block, were excluded. This particular exclusion criterion was informed by the results of the 2010 pain management interventions for hip fracture systematic review. This past review found that there were statistically significant results in favour of the femoral nerve block, but not the fascia iliaca block.
Titles and abstracts generated from the search strategies were screened by two independent reviewers to identify potentially relevant articles. The full text of articles deemed relevant, and those whose abstracts and titles provided insufficient information, were retrieved for further inspection by two independent reviewers who determined study eligibility. Disagreements were resolved by discussion, and when necessary, a third reviewer.
Risk of bias assessment
Included trials were evaluated using the Cochrane Collaboration's Risk of Bias tool, 14 which includes an evaluation of random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. Two independent reviewers assessed risk of bias of individual studies, and disagreements were resolved by consensus or third party adjudication.
Data extraction and analysis
Two reviewers independently extracted data from the included studies using a standardized data abstraction form.
The following information was obtained from individual studies: design, country, study population and size, clinical setting, characteristics of the intervention and control groups, outcomes, results, and study conclusions. A meta-analysis was not conducted due to the clinical heterogeneity across the studies. Clinical heterogeneity was encountered in the types of femoral nerve block procedures used, such as catheter placement versus single nerve block techniques. Heterogeneity was also present in terms of the methods used to assess pain, for instance verbal numerical rating scales versus visual analogue scales. Instead, a narrative synthesis of effectiveness outcomes across the studies is presented.
RESULTS
Study characteristics
The electronic search strategy identified 89 citations. Four additional citations were identified from the reference list of a previous 2010 systematic review. After screening of titles and abstracts, 13 studies were selected as potentially relevant, of which seven RCTs 15-21 satisfied the eligibility criteria for inclusion ( Figure 1 ). Among the included studies, four studies [15] [16] [17] [18] employed a single femoral nerve block intervention, while three studies [19] [20] [21] employed continuous (catheterplaced) femoral nerve blocks (Table 1 ). Studies were conducted in the United Kingdom (UK), 15, 16 the United States (US), 17, 18 France, 19 Austria, 20 and Ireland. 21 As shown in Table 2 , all but one of the studies 18 were found to have a high risk of bias.
All the studies reported reductions in pain intensity, both with movement and at rest, in those receiving the femoral nerve block ( Table 1 ). In addition, all but one study 17 reported that patients treated with femoral nerve blocks consumed significantly less total rescue analgesia (morphine or morphine equivalent) compared to controls. There were no adverse effects found to be associated with the femoral nerve block procedure, and two studies found a decreased risk of adverse events such as respiratory 16 and cardiac 20 complications.
Single femoral nerve block intervention
Four of the reviewed studies [15] [16] [17] [18] focused on single femoral nerve blocks as an intervention. One RCT 15 assessed the effectiveness of single femoral nerve blocks compared to intravenous morphine in a medium-sized district hospital in the UK. The primary outcome of the study was pain intensity measured using a verbal numerical pain scale from zero to three. Results revealed that the group that received the femoral nerve block reported pain scores that were on average 0.78 points (95% confidence interval [CI]: 1.02, 0.54) lower than those of the control group. Additionally, the femoral nerve block group consumed an average of 0.68 (95% CI: 1.23, 0.12) fewer milligrams of morphine per hour than the control group.
An RCT 16 conducted among patients in the UK with extracapsular fractures of the femoral neck measured pain scores via a zero to ten visual analogue scale. Compared to the control group that received intramuscular opiates, patients who received the femoral nerve block had significantly lower scores in pain intensity 15 minutes after the injection (1.6 points lower; p < 0.05), and two hours after the injection (2.2 points lower; p < 0.01). Furthermore, this study revealed a significant decrease (p < 0.05) in the amount of intramuscular opiates required by the femoral nerve block group. Additionally, the femoral nerve block group had significantly fewer postoperative respiratory complications (p < 0.05).
A small RCT 17 (14 patients) conducted in the US found that a group who received a femoral nerve block in the ED had a statistically significant reduction in pain one hour after the procedure was performed, as measured via an 11-point verbal numerical rating scale. The mean pain intensity reported by the femoral nerve block group was 2.7, while the patient group receiving standard care reported a mean pain intensity score of 6.1 (p < 0.04). The study found similar administration of morphine equivalents between the two groups. Although not significant, reductions in pain were reported by the femoral nerve block group at four and 24 hours after the procedure.
The most recent RCT 18 assessed the effectiveness of single femoral nerve block compared to standard care in a large urban academic ED in the US. Pain intensity was measured using an 11-point numerical rating scale. The study reported a significant reduction in pain in the femoral nerve block group four hours after the procedure (p < 0.001) compared to the group receiving standard care alone. The femoral nerve block group was also found to have experienced significantly greater levels of pain relief, as the summed pain intensity differences reported by the femoral nerve block group had a median of 11.0 (4 to 21.8) versus 4.0 (−2 to 5.8) in the standard care group. Additionally, the study showed patients in the control group required significantly more intravenous morphine than patients in the femoral nerve block group (p = 0.028); the control group reported a median of 5 mg of morphine (2.0 mg to 8.4 mg) versus 0 mg (0 mg to 1.5 mg) in the femoral nerve block group. -Pain scores on a 0 to 10 VRS were reduced in the FNB group: 
Continuous (catheter-placed) femoral nerve block intervention
Three RCTs 19-21 investigated the effectiveness of continuous (catheter-placed) femoral nerve block. One RCT 19 conducted in an ED in France used a verbal numerical rating scale between zero and 10 to assess the effect of continuous femoral nerve blocks in pain intensity outcomes of 16 hip fracture patients. A statistically significant (p < 0.001) difference in mean pain scores was observed between the two groups. The femoral nerve block group reported a mean pain score of 2.1 (±2.1 standard deviation [SD]), while the control group reported an average pain score of 6.5 (±3.5 SD). The RCT 20 conducted in Austria evaluated the analgesic effectiveness of continuous femoral nerve blocks on pain intensity, measured by a visual analog scale ranging from zero to 10. Significant differences (p < 0.05) in pain intensity were observed between continuous femoral nerve block (mean score of 0.8) and control groups (mean score of 4.7) after one hour. Although not significant, this study revealed that patients receiving the block experienced a lower pain score on both the visual analog scale and the verbal rating scale 12 hours after the block was initiated. The study also found that consumption of additional analgesics was elevated in the control group when compared to the treatment group. Cardiovascular instability, determined by measuring patients' maximum serum troponin levels, was significantly lower in the femoral nerve block study group compared to standard care (p < 0.03).
The RCT 21 conducted in Ireland sought to investigate the analgesic efficacy of continuous femoral nerve block administered to ED patients presenting with femoral neck fractures. Pain intensity was assessed using a visual analog scale (0-100) every six hours for 72 hours, while patients were at rest and in motion.
The study showed that, in rest conditions, patients receiving the femoral nerve block had significantly lower pain scores than those in the control group (9.5 versus 31; p = 0.031). Additionally, pain scores while in motion were lower in the femoral nerve block group at each time point up to 54 hours. For example, at six hours after the catheter was placed, the femoral nerve block group demonstrated average pain scores of 30.7 versus 67.0 in the control group. Additional outcomes evaluated in this trial were cumulative morphine consumption and patient satisfaction. The study revealed that the femoral nerve block group required less morphine over the 72-hour study period, while also reporting significantly higher patient satisfaction scores (p = 0.014) compared to the group receiving standard care alone.
DISCUSSION
This systematic review aimed to identify new RCT evidence regarding the effectiveness of femoral nerve blocks administered to hip fracture patients in the ED, expanding on and updating the systematic review by Abou-Setta et al. 13 The findings of the systematic review presented here were consistent with the review by Abou-Setta et al.: both single and continuous femoral nerve blocks appear to have a positive impact on elderly patients presenting to the ED with acute hip fracture. The benefits include decreased pain intensity, a decrease in the amount of required rescue analgesia administered, and fewer adverse events.
Of the four studies [15] [16] [17] [18] assessing single femoral nerve block interventions, all but one 15 found a significant reduction in pain intensity. All three RCTs 19-21 that investigated the clinical application of continuous femoral nerve blocks showed a significant reduction in pain compared to standard care. This reduction in pain intensity may play a critical role in a patient's recovery Table 2 . The risk of bias for seven randomized control trials [15] [16] [17] [18] [19] [20] [21] , as assessed by two independent reviewers using the Cochrane Collaboration's tool for assessing risk of bias. process, and it has been shown in one study that pain severity postoperatively correlates with health-related quality of life. 22 Additionally, pain is one of the most common reasons for hospital readmissions. 23 All review studies but one 17 reported a decreased requirement for rescue analgesia among patients receiving femoral nerve blocks. By reducing the amount of systemic opioids required by older patients with acute hip fractures, femoral nerve blocks may help to decrease the incidence of delirium. Delirium is a known side effect of systemic opioids among the elderly. 24 Additional side effects or adverse events that may also be decreased with a reduction in systemic narcotic use include nausea, constipation, pruritus, respiratory depression, cardiovascular instability, and death. 25 The studies included in this review showed no adverse events resulting from administration of femoral nerve blocks, further supporting its integration into routine clinical practice for pain management among hip fracture patients.
Although it may be inferred from the current review findings that delirium rates would decrease with the use of femoral nerve blocks, this was not a specific outcome in any of the included studies. Future studies should explore the impact of femoral nerve blocks on delirium rates, along with associated outcomes such as functional status.
It is important to note that various femoral nerve block techniques were included in this review. Two studies 15, 16 used the loss of resistance method, three studies 17,19,21 used a peripheral nerve stimulator, and two studies 18, 20 used ultrasound technology to employ the nerve block. Regardless of the method of nerve block administration, significant benefits were reported. However, other studies suggest that ultrasound guidance may increase the efficacy and feasibility of this procedure in the ED 26 and may be superior to other nerve block techniques in regard to onset of action and amount of anaesthetic required. 27 Both catheter-placed and single femoral nerve block procedures were included in this review. Although both techniques showed benefits in terms of pain reduction, there are important differences between the two techniques that may have important clinical implications. Within the Canadian context where surgical wait time benchmarks for hip fracture repair are within 48 hours, 28 the continuous femoral nerve block, which extends the duration of analgesia, may be important. However, the continuous nerve block is a more technically complex procedure.
Despite the potential benefit of this procedure, femoral nerve blocks have yet to be instituted as a routine pain management technique in Canadian EDs. Potential barriers to implementing femoral nerve block interventions need to be explored further. One potential barrier appears to be the belief that administering a femoral nerve block requires specialized training and is usually performed by anaesthesiologists. 29 However, in our review, one of the studies found that the procedure required minimal instruction and could be performed by junior staff, 16 and multiple studies 15, 17, 18 reported relatively brief training required to administer the nerve blocks. Another perceived barrier may be the longer time required to perform a femoral nerve block, as compared to traditional methods of pain management. However, two published studies 30, 31 found that nerve blocks increased efficiency by reducing the total operation time, as well as the incidence of readmission due to pain. In order to effectively implement femoral nerve blocks into routine ED care, the barriers to use need to be explored further, and then implementation interventions that specifically address these identified barriers need to be developed and evaluated.
The strengths of this systematic review pertain to its rigor in searching the literature, the criteria-based selection of relevant evidence, the rigorous appraisal of study validity, and the evidence-based inferences. Although the identification of a relatively small number of studies reporting comparable outcome measures precluded a visual assessment of potential publication bias via funnel plots, the comprehensive search strategy is likely to have identified most of the available RCT literature on the effectiveness of femoral nerve blocks to manage hip fractures in the frail older patients visiting the ED.
CONCLUSIONS
This review helps to consolidate current knowledge that femoral nerve blocks appear to be an effective option to manage acute pain following hip fractures in the frail older population. This procedure decreases the level of pain intensity experienced by the older patient, reduces the amount of systemic analgesia required, and appears to have fewer adverse events associated with it. Implementation of femoral nerve blocks into routine clinical practice could improve the quality of care provided to the frail older patient experiencing a hip fracture.
